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Abstract—Advances in TV technology have enabled viewers
to actively interact with the TV via interactive applications
instead of just passively watching TV. Typically, a conventional
remote control is shared by many viewers and it is difficult
to accurately capture the individual interaction data from each
viewer. It is also difficult to identify the context in which the
interactions occur, e.g., to manage precisely who is present in the
environment and what is being watched on TV. In this paper, it
is presented a novel architecture that facilitates the capture of
viewers’ individual interactions and contextual data in shared
TV environments. This architecture uses personal devices as
secondary screen devices with the aim of identifying viewers and
capturing their interactions with interactive TV devices. A work
in progress implementation of this architecture is briefly reported
as an audio-visual content rating system for interactive TV.

I.

I NTRODUCTION

TV watching is essentially a social activity, where groups
of people with a common interest share the same space and
TV set for entertainment or information. After many advances
in technologies, for interactive and digital TV, it is possible to
develop high-level applications to enrich the watching experience. Thus, the interaction between viewers and TV became
more elaborated than simply change channels and adjust sound
volume. In this scenario, the data generated by the interactions
of millions of viewers can provide valuable information for
content providers (CPs) to improve their services [1].
The conventional remote control (RC) is typically seen
as the standard medium of interaction among the viewers
and their TVs. However, this medium presents two notable
problems: (1) to precisely and automatically identify the
viewers who have possession of the RC; and (2) to capture
contextualized viewers’ interactions. As a result, the entire
group of viewers (e.g., a family) is treated as a single viewer
and the tastes that were inferred from the users in charge of
the RC can be imposed on the tastes of the others.
Given the limitations of the conventional RC, a novel
secondary screen architecture to identify viewers who are
interacting with interactive TV (iTV) services is presented in
this paper. Personal devices (e.g., smartphones and tablets) are
used as secondary screens with the aim of capturing personal
and contextualized interactions from each active viewer in iTV
environments. By using proper machine learning algorithms,
the personal and contextualized data can reveal important
information about viewers’ tastes [2], [3].

Since personal devices are almost ubiquitous, they stand
out as a powerful mechanism to identify viewers by means of
wireless communication technologies [4]. In the architecture
described in this paper, personal devices play an additional
role as a medium of interaction since they are easy and
intuitive to use in iTV environments, as pointed out in [5]. An
approach described in [1] has shown an architecture to capture
viewers’ interactions via a conventional RC. The architecture
described in this paper goes further and captures individual
and contextualized data. Since the TV environment is shared,
the data about nearby viewers is captured to contextualize the
interaction with the purpose of helping to infer the behaviors
of one viewer toward others ones.
II.

S ECONDARY S CREEN A RCHITECTURE

Initially, the CP infrastructure must provide an authentication mechanism so that viewers and their interactive TV (iTV)
devices (e.g., set-top boxes or smart TVs) can be authenticated
by the CP in order to use the secondary screen services.
Once one iTV device is authenticated, the viewers in the TV
environment must link their user accounts up with the iTV
device. As a result, the viewer can use their personal device
as a secondary screen, for that iTV device, in order to capture
the viewers’ interactions.
The architecture to precisely capture viewers interactions
and the context is shown in Fig. 1. This architecture consists
of tree subsystems that interact with each other: (1) secondary
screen devices, which might be implemented in personal
devices; (2) an iTV device; and (3) the CP infrastructure, which
includes an application hosting infrastructure. The dashed
arrows represent the data flowing from the viewer to the CP
infrastructure, while dotted arrows denote the flow from CP
infrastructure to the viewers. The continuous arrows represent
the data flow inside the CP infrastructure. Since applications
in the TV domain have the potential to reach out millions of
users at the same time, it is interesting to consider the use of
a cloud based platform in the CP infrastructure [6].
A presence service detects physically nearby secondary
screen devices that have the services necessary to establish a
communication with an iTV device. Modern commercial operating systems for personal devices enable service discovery
by using peer-to-peer or WiFi communication. This feature
is particularly appropriated for the TV environment, once the
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Fig. 1. Architecture to capture audience data. The viewers’ interactions and
the contextual information are captured and stored in the CP infrastructure.

secondary screen device must be wirelessly linked up with the
iTV device. The devices are synchronized in order to update
the contextual data about the viewer profile and the amount of
people using a secondary device in the room. This contextual
data can be used to learn how a viewer behaves towards other
viewers. For example, a viewer behaves in a particular way
while watching TV alone and the same viewer behaves in a
different way while watching TV in group.
Viewers can use their secondary screen device to interact
with TV by evaluating, commenting, sharing, or even recommending TV content to other viewers. The data related to
those actions are naturally provided by the viewers, as part of
the interaction, when using interactive applications (developed
by the CP) installed in their secondary screen devices. The
interactions and the contextual data are represented by the
audience data, which is sent to CP infrastructure through the
Internet. Then, a Data Writer service stores the audience data
related to each particular viewer and the iTV device.

The use of personal devices as secondary screens arises
as a new trend in TV environments. This paper presents
an architecture to accurately capture audience data by using
secondary screen devices and iTV devices. This architecture
takes advantage of the ubiquity and interactive capabilities
of secondary screen devices to identify viewers and provide
feedback for CPs through viewers’ interactions and contextual
information. The captured data relates to a single viewer in a
given context. By using proper machine learning algorithms,
this data can provide valuable information about viewers.
Knowing this information can be very useful for CPs to
improve their services, aiming to increase the audience and
to enrich user experience. As an example, CPs can deliver
personalized content for a single person as well as for groups
of people by using content recommendation algorithms.
An implementation of the architecture that is described
in this paper is under development in a commercial cloud
computing platform, which plays the role of the application
hosting infrastructure. A web application that consists of a
content rating system was developed to store viewers’ evaluations toward audio visual content; a secondary screen client is
under development. Some RESTful web services were developed to provide interoperability among the secondary screen
devices and the web application. Thus, the interactions that are
captured during the use of the secondary screen application are
sent to the CP by means of HTTP requests to RESTful web
services. Although the secondary screen application is not fully
finished yet, some specific features have been tested to capture
viewers’ interactions as they occur.
The architecture described in this paper is also technically
feasible to implement in Digital TV (DTV) systems and can
be particularly interesting for CPs in DTV standards, e.g.,
the Brazilian (ISDB-TB) and the Japanese (ISDB-T). These
standards support the use of mobile devices as part of the
system. Since the mobile devices support the implementation
of the DTV middleware, a cooperative exhibition of the DTV
application can be managed with the iTV device, thus enabling
the capture of viewers’ interactions and contextual data.
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